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The Convention on Biological Diversity (CBD) Aichi Target 11 states that, “by 2020, at least 17 per cent of
terrestrial and inland water, and 10 per cent of coastal and marine areas, especially areas of particular
importance for biodiversity and ecosystem services, are conserved through eﬀectively and equitably managed,
ecologically representative and well-connected systems of protected areas and other eﬀective area-based
conservation measures, and integrated into the wider landscapes and seascapes”. There has been rapid progress
to meet the quantitative goal (the 10% target). However, the qualitative aspects of Aichi target 11 are less well
described. The United Nations Sustainable Development Goal (SDG) 14 to “conserve and sustainably use the
oceans, seas and marine resources for sustainable development” reaﬃrms the quantitative element of Aichi
target 11, and, through the described sub-targets, places further emphasis on the economic and social context of
global development. The complexity of the language from Aichi target 11 is not mirrored in SDG 14, leading to a
potential scenario where the knowledge and progress towards Aichi Target 11 will be diluted as the focus shifts
to the SDGs. This paper presents current knowledge and implementation of the qualitative elements of Aichi
Target 11 and highlights gaps in knowledge. We conclude that the progress made so far on describing and
implementing the qualitative goals of Aichi Target 11 should be integrated into SDG 14 in order to strengthen
global eﬀorts for marine biodiversity conservation and support the broader vision for sustainable development
that will “transform our world”.
1. Introduction
The term “protected area” is described in Article 2 of the
Convention on Biological Diversity (CBD) as “a geographically deﬁned
area, which is designated or regulated and managed to achieve speciﬁc
conservation objectives” [1]. In 2004, the CBD Conference of Parties
(COP) agreed that “marine and coastal protected areas are an essential
tools and approaches in the conservation and sustainable use of marine
and coastal biodiversity”, committing to a target of “eﬀective conserva-
tion of at least 10% of each of the world's ecological regions by 2010”
(UNEP/CBD/COP/DEC/VII/5). CBD Parties also agreed that a national
framework of marine and coastal protected areas should include a
range of levels of protection, encompassing both areas that allow
sustainable uses and those that prohibit extractive uses (i.e., “no-take”
areas)” (UNEP/CBD/COP/DEC/VII/5). The “goals and global outcome
targets” for marine and coastal biodiversity were further endorsed by
COP in 2006 (UNEP/CBD/COP/ DEC/VIII/15).
In 2010, CBD Parties agreed to extend the deadline for reaching the
target of conserving 10% of their marine and coastal regions in
protected areas from 2012 to 2020 (UNEP/CBD/COP/10/27). They
also adopted a revised and updated Strategic Plan for Biodiversity
2011–2020. The Plan set out 20 Aichi Biodiversity Targets, organised
under ﬁve strategic goals that seek to ensure that “By 2050, biodiversity
is valued, conserved, restored and wisely used, maintaining ecosystem
services, sustaining a healthy planet and delivering beneﬁts essential
for all people” (UNEP/CBD/COP/10/27/Annex). Aichi Target 11 is
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within Strategic Goal C: To improve the status of biodiversity by
safeguarding ecosystems, species and genetic diversity. Aichi Target 11
speciﬁcally states that, “by 2020, at least 17 per cent of terrestrial and
inland water, and 10 per cent of coastal and marine areas, especially
areas of particular importance for biodiversity and ecosystem services,
are conserved through eﬀectively and equitably managed, ecologically
representative and well-connected systems of protected areas and other
eﬀective area-based conservation measures, and integrated into the
wider landscapes and seascapes” (UNEP/CBD/COP/10/27/Annex). The
text comprises both quantitative targets and qualitative elements that
deﬁne how Aichi Target 11 may be achieved (Table 1).
In 2012 CBD Parties were invited to undertake major eﬀorts to
achieve all elements of Aichi Biodiversity Target 11 (UNEP/CBD/COP/
DEC/XI/24). The Fourth Global Biodiversity Outlook in 2014 reported
varying levels of progress for the diﬀerent elements of Aichi Target 11
and this was subsequently updated in a report to the CBD Subsidiary
Body on Technical and Technological Advice (UNEP/CBD/SBSTTA/20/
INF/43) in 2016. In terms of the quantitative targets there has been
rapid progress in the global drive to meet the goal for the 10% area
coverage of coastal and marine areas via the designation of Marine
Protected Areas (MPAs). The MPAtlas reports that 2.07% of the global
ocean is within an MPA, with 5.27% in national jurisdictions [3].
Proposed MPAs will add a further 3.62% of the global ocean as MPAs,
with an additional 7.71% of MPAs designated within national jurisdic-
tions [3]. CBD reporting draws on the Protected Planet Report [4]
claiming coverage of 10.9% in coastal waters (0–12 nautical miles) and
8.4% in areas within national jurisdiction or the Exclusive Economic
Zone (0–200 nautical miles).
There is also increasing attention on the practical interpretation of
“other eﬀective area-based conservation measures” (OECM) as a
“means of conservation”. The IUCN Task Force on Other Eﬀective
Area based Conservation measures has deﬁned OECMs as “a geogra-
phical space where de-facto conservation of nature and associated
ecosystem services and cultural values is achieved and expected to be
maintained in the long term regardless of speciﬁc recognition and
dedication” [5]. The identiﬁcation of OECMs that can contribute to
ecologically representative and well-connected MPA networks and
progress toward the 10% spatial target, is a key challenge [4]. The
recently published WCPA report, “Advancing guidance on other
eﬀective area-based conservation measures” introduces a “screening
tool” for the identiﬁcation of an OECM [6].
The qualitative aspects of Aichi target 11 are, at present, less well
described. Essentially they broaden the scope of the quantitative target
in support of the ecological premise that there is a high level of
functional and spatial connectivity within marine ecosystems [7–10]
and that area-based targets alone may not be adequate to safeguard the
important ecosystem processes and services that marine ecosystems
underpin [11]. These qualitative elements of Aichi Target 11 form a
more holistic perspective of MPA design and function by considering
contextual setting and also provide the means to be systematic in an
approach to planning for marine biodiversity conservation [12]. They
also support the principles of “ecological coherence” [13,14], whereby
a “network of MPAs” (a collection of individual MPAs or reserves
operating cooperatively and synergistically, at various spatial scales) is
designed to.
• Interact and support the wider environment [15, Sections 5.3 and
6];
• Maintain the processes, functions, and structures of the intended
protected features across their natural range [13];
• Function synergistically as a whole, such that the individual
protected sites beneﬁt from each other to achieve the above two
objectives [15];
• Additionally, an ecologically coherent network of MPAs may be
designed to be resilient to changing conditions [15, Section 5].
The recently deﬁned Sustainable Development Goals (SDGs) were
adopted in 2015 by the 193 members of the United Nations General
Assembly as the reference goals for the international development
community for the period 2015–2030 [16]. They demonstrate twin
priorities of protection of the Earth life-support system with poverty
reduction. The SDGs advocate a “triple bottom line” approach to
maintaining human wellbeing; these being economic development,
environmental sustainability and social inclusion [17]. SDG 14 to
“conserve and sustainably use the oceans, seas and marine resources
for sustainable development” is directly relevant to Aichi Target 11.
Essentially, SDG 14 reaﬃrms the Aichi Target 11 (to conserve at least
10 per cent of coastal and marine areas (SDG sub-target 14.5)), and,
more broadly, places greater emphasis on the economic and social
context of conservation measures to aid global development. SGD 14
does not, however, mirror the detail and ambition of Aichi Target 11. It
simply echoes the target for the spatial extent of MPAs (10%) and gives
no direction on what is being protected or how that protection may be
achieved [18]. It is considered that conservation targets that focus
solely on spatial extent exclude aspects of ecological coherence and do
not confer any means of indication of positive or negative biodiversity
outcomes [11,19]. This lack of ambition within the language of SDG 14
is notable as, despite great achievements in increasing the spatial extent
of MPAs [20], it is well recorded that the continued degradation and
loss of marine species and population decline are critically impairing
the ability of marine systems to continue to provide ecosystem services
that underpin human wellbeing [21–26]. There are notable synergies
between the conservation of marine biodiversity and the broader remit
of the SDGs particularly with regard to Goal 1: End poverty in all its
forms everywhere; Goal 13: Take urgent action to combat climate
change and its impacts. It considered here though that the integration
of Aichi target 11 into SDG 14, in particular, could strengthen global
eﬀorts for marine biodiversity conservation. To this end, this paper
presents current progress on the interpretation of the qualitative
elements of Aichi Target 11 with regard to the marine and coastal
environment; presents alignment between SDG 14 and the qualitative
elements of Aichi Target 11 and; highlights gaps in knowledge in the
current implementation of the qualitative elements of Aichi Target 11
in order to facilitate the integration with SDG 14.
2. Ecologically representative
To be ecologically representative, the full range of ecosystems,
habitats, biotic diversity, ecological processes, and environmental
gradients (e.g. depth, wave exposure) need to be included within the
MPA network [15,27–30]. In 2008 CBD Parties further deﬁned
“scientiﬁc guidance for selecting areas to establish a representative
network of MPAs, including in open ocean waters and deep sea
habitats” (UNEP/CBD/COP/DEC/IX/20/Annex II). A “representative”
network comprises of the following properties and components:
Ecologically or Biologically Signiﬁcant Marine Areas (EBSAs); Repre-
Table 1
The quantitative targets and qualitative elements that deﬁne how Aichi target 11 may be
achieved.
Source:Adapted from Jonas and Lucas [2].
Quantitative targets 17% terrestrial
10% coastal and marine
Means of conservation Protected areas
Other eﬀective area-based conservation measures
Qualitative elements Ecologically representative
Areas of particular importance for biodiversity and
ecosystem services
Management equity and eﬀectiveness
Well-connected
Integration into wider landscape and seascape
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sentativity; Connectivity; Replicated Ecological Features; Adequate and
viable sites. (UNEP/CBD/COP/DEC/IX/20/Annex II). CBD Parties
deﬁned representativity as being “captured in a network when it
consists of areas representing the diﬀerent biogeographical subdivisions
of the global oceans and regional seas that reasonably reﬂect the full
range of ecosystems, including the biotic and habitat diversity of these
marine ecosystems” (UNEP/CBD/COP/DEC/IX/20/Annex II). Further-
more, CBD Parties recognised that ecological representation “refers to
the need for protected areas to represent, or sample, the full variety of
biodiversity for the diﬀerent biological realms, in all eco-regions
(freshwater, marine and terrestrial), and the diﬀerent biological scales
(ecosystems, species and within species variations)” (UNEP/CBD/SBST-
TA/20/INF/43, 24, p.11).
The objective in applying this criterion to marine biodiversity
conservation is to ensure representative coverage of biodiversity and
biogeographic regions [27,31]. Spatially, of the 13,647 MPAs desig-
nated globally there is a greater proportion of MPAs in waters within
national jurisdictions (0–200 nm) than in areas beyond national
jurisdiction [3]. In terms of the distribution of MPAs in areas within
national jurisdictions it can be observed that existing MPAs are focused
in the intertidal and nearshore areas [18]. To support ecological
representativity within the coastal environment, Woodley et al. [32]
recommended that the CBD 10% area protection threshold under Aichi
Target 11 be altered to designate “10% of each coastal marine ecoregion
as protected areas by 2020” to ensure greater ecological representativ-
ity in the overall 10% spatial target.
Sub-regional assessments for parameters of ecological representa-
tivity of MPA designations in North America [33]; the UK ([34,35];
Northern Ireland [36]; the Celtic Seas [37,38]; the OSPAR region
[39,40]; The English Channel [35]; the Baltic [41] and the NE Atlantic
[42], demonstrate that whilst progress is being made towards the 10%
protected area spatial target the existing MPAs are not truly represen-
tative of the full range of ecosystems and are therefore not currently
ecologically representative. In Australia, however, an initiative to
address gaps in representativity in the zoning plan for the Great Barrier
Reef Marine Park was developed using local expert knowledge coordi-
nated through the Representative Areas Programme for the Great
Barrier Reef Marine Park Authority. The process revealed that the
original zoning plan was unlikely to adequately protect the entire range
of biodiversity in the region and progressed to deﬁne a new set of
biophysical operational principles resulting in 33% of the Marine Park
being no-take encompassing at least 20% of each of the 70 bioregions
[43].
Biogeographic classiﬁcations, that map patterns of biodiversity into
distinct realms, provinces and ecoregions, provide a spatial reference to
support conservation planning that span coastal and oﬀshore ecosys-
tems [44,45]. In a recent review of the global biogeographic coverage
of MPAs, Butchart et al. [46] demonstrate that the most well repre-
sented (within MPA) biogeographic region is the tropical coastal realm
(with the exception of the Western Indo Paciﬁc). Temperate and polar
realms are underrepresented in MPAs (except in Australia and the
North Atlantic [18,46]).
“Ecologically representative” has also been interpreted by using
methods to identify whether habitats and species of conservation
importance are “represented” within MPAs and replicated against
agreed thresholds to ensure natural variation and to minimise the
eﬀects of damaging events and long-term change (resilience) [29,47].
Replication of habitats and species within MPAs in the network is
considered to be good practice in MPA network design and helps to
spread the risk should a catastrophic event occur. This method is
employed as a presence/absence exercise based on species listed for
conservation within oﬃcial documents e.g. MPA management plans
[48]. This method does not however consider the absolute area of the
habitats (or the size of populations) enclosed in the MPAs, or the
proportion of the overall occurrence of the habitat to come under an
MPA management scheme [49,50]. A global assessment of the ecolo-
gical representativeness of biodiversity within MPAs by Butchart [46]
assessed the presence of 400 marine species by applying parameters for
the minimum proportion of the “range” required to ensure the long
term sustainability. Whilst several species of bony ﬁsh and stony corals
were located in MPAs within their “range” there is no information on
the management measures for the species across their “range” and
therefore no inference can be made about whether MPAs support long
term sustainability of the species nor if the network is truly representa-
tive.
Methods to assess ecological representativity of protected areas
networks at various scales are advancing. Based on the scientiﬁc
guidance for a representative network of MPAs (UNEP/CBD/COP/
DEC/IX/20/Annex II) there is an obvious need to re-examine the
required network properties and components for an “ecologically
representative” network and move beyond criteria for “representativ-
ity” to consider how rare and unique habitats deﬁned in the EBSA
process may contribute to an ecologically coherent network of MPAs.
Furthering the application of these methods under SDG 14 must be
based on the simple underlying premise that to spread the risk spatially
across the seascape by representing and replicating the full range of
ecosystem types and components is a basic prerequisite for the
protection of the range of marine biodiversity [51–53]. An ecologically
representative system of protected areas directly supports the motives
of SDG 14.2 (Table 2) as sustainable management and risk management
are closely aligned. Sustainable management requires that parameters
linked to risk and uncertainties are identiﬁed and evaluated (e.g. Risk
Assessments). Additionally SGD 14.1 (marine pollution) and 14.3
(ocean acidiﬁcation) are also supported by an ecologically representa-
tive system of protected areas (Table 2) as eﬀorts to underpin the
resilience of ecosystems through representivity reduces the risk of
regime shifts, where an ecosystem shifts from a desired state to a less
desired state due to either a catastrophic event e.g. a pollution event or
the eﬀect of long term stressors e.g. climate change [54]. As regime
shifts also impact upon the realisation or delivery of ecosystem services
that support human wellbeing [54] SGD 14.7 (economic beneﬁts) is
also underpinned by an ecologically representative system of protected
areas (Table 2). There are potential synergies here with SDG Goal 13 to
“strengthen resilience and adaptive capacity to climate-related hazards
and natural disasters in all countries”. Resilience is also a central
component of Goal 1 build the resilience of the poor and those in
vulnerable situations and reduce their exposure and vulnerability to
climate-related extreme events and other economic, social and envir-
onmental shocks and disasters.
To integrate “Ecologically Representative” into SDG14 there is a
need to address the key challenges faced by countries at national or
regional levels in the incorporation of “ecological representativity in
conservation planning (e.g. data needs, capacity etc.). At a global level
there is a need to improve understanding of marine biogeography in
support of ecological representativity, particularly for Areas Beyond
National Jurisdiction (ABNJ) [55]. Also, to decide what functions
representativity should deliver (e.g. propagule stock function, ensuring
the potential for restoration). In light of the recent trend in the
designation of large MPAs there is also a need to understand how and
if these sites contribute to ecological representativity.
3. Well-connected
Connectivity describes the extent to which populations in diﬀerent
parts of a species’ range are linked by the exchange of larvae, recruits,
juveniles or adults [56]. Connectivity forms a vital component of
metapopulation and landscape ecology, inﬂuencing a number of
fundamental processes, including population dynamics, evolution and
community responses to climate change [57,58]. For well-connected
systems of protected areas, the CBD consider landscape connectivity as
the degree to which the landscape facilitates or impedes movement
among patches. In the context of protected areas “movement can be
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facilitated by a number of mechanisms, including conservation corri-
dors, transboundary corridors, stepping stones, regional connectivity
corridors, and ecoregion conservation programmes such as those
forwarded by organisations such as WWF and Conservation Interna-
tional” (UNEP/CBD/SBSTTA/20/INF/43, §61, p.19). In the marine
realm, the CBD described connectivity in the design of a network as
allowing “for linkages whereby protected sites beneﬁt from larval and/
or species exchanges, and functional linkages from other network sites.
In a connected network individual sites beneﬁt one another” UNEP/
CBD/COP/DEC/IX/20/Annex II. Such sites that may improve the
connectivity of a network include currents, gyres, physical bottlenecks,
migration routes, species dispersal, detritus, functional linkages and
seamount communities UNEP/CBD/COP/DEC/IX/20/Annex II.
Understanding the extent to which populations and sites are
connected is critical both for the design of MPA networks to protect
biodiversity and for the development of conservation strategies to
protect species associated with degrading and fragmenting habitats
[28,59,60]. There has been signiﬁcant progress in the methods used to
assess connectivity in recent decades; however, connectivity varies
greatly depending on the abundance and density of individuals, species
and habitat characteristics, and the temporal and spatial scale of studies
[57], which poses challenges in terms of its assessment and its use in
reserve design and management. Connectivity can be assessed in a
number of ways, including direct and indirect studies of larval, juvenile,
and adult movements using tracking, mark and recapture, chemical
markers or genetic techniques [57,61]. An alternative to such empirical
studies is a biophysical modelling approach based on distance between
habitat patches, the hydrodynamics of the surrounding area and the
behavior of individuals within the populations, which provides an
estimate of potential connectivity which may diﬀer from actual
connectivity [57,62].
Assessing connectivity of populations within MPA networks is often
overlooked or completed on a very coarse scale due to data constraints
and the limited timeframe and ﬁnancial restrictions placed on such
assessments. MPA networks typically cover broad spatial scales (100's
kilometres) and incorporate the habitat for a diverse range of species
and biological communities. Larval dispersal and movement of indivi-
duals varies signiﬁcantly between species, yet most connectivity studies
undertaken in relation to management focus on only one or a small
number of species [62], or are based on a buﬀer distance between
habitats or even MPA sites, with minimal ecological relevance or
consideration of the distances typically moved by various species
during diﬀerent life history stages [63,64]. While conservation plan-
ning software that includes aspects of connectivity is available, these
are not always appropriate for retrospective assessments of MPA
networks that are already established. Including accurate connectivity
measures in MPA network assessments requires an understanding of the
needs of multiple species and habitats, habitat quality and connectivity,
population dynamics and short-term and long-term objectives [57,62].
Thus, more accurate and comprehensive assessments of connectivity
within MPA networks has been identiﬁed as a research requirement to
establish MPA network eﬀectiveness both in terms of recovery process
inside MPAs and connectivity among MPAs [65].
Quantifying connectivity will require greater ﬁnancial and time
investment to undertake detailed biophysical modelling or empirical
studies of the connectivity of a number of species within the network
that could represent the life history strategies of a range of species. For
example, modelling the connectivity of a number of key species that
include sessile, low mobility and high mobility species, and those with
and without or with long and short planktonic larval stages would go
some way to improving connectivity assessments. Recent technological
advances mean that this is no longer inconceivable; however, such
detailed assessments need to be balanced against the time-constraints of
conservation planning and MPA network assessments. In many situa-
Table 2
Potential alignment between Sustainable Development Goal 14 and the qualitative aspects of Aichi Target 11. The shaded areas indicate where wider implementation of the qualitative
aspects of Aichi target 11 would support the vision of SDG 14 based on the literature presented in this paper.
S.E. Rees et al. Marine Policy xxx (xxxx) xxx–xxx
4
tions, implementation of certain management actions may be too
urgent to wait for comprehensive knowledge on the connectivity of a
wide range of species [66].
Like “ecologically representative” a “well-connected” system of
protected areas is a prerequisite for biodiversity conservation.
Connectivity forms a central tenant of “ecological coherence”, where
a network of MPAs is designed to interact and support the wider
environment in order to underpin the resilience of the ecological system
(SDG 14.2 and 14.3) (Table 2). Through resilience, the risk of
permanent loss of ecosystem functions and ecosystem service beneﬁts
is reduced thus supporting SDG 14.7 (Table 2). “Well-connected” must
therefore become integral to SDG 14.5 and the 10% target. Signiﬁcant
progress has been made in both empirical and modelling studies of
connectivity in the past decade; however, challenges remain in under-
standing how best to include connectivity in conservation management
[57,67]. These include how to deﬁne minimum and optimal informa-
tion needs for an assessment of connectivity to inform network design
and management when considering a diverse set of phyla, families and
species with many diﬀerent modes and domains of dispersal. There is
additionally an issue of scale; at what scale should connectivity be
assessed in order for the assessment to be meaningful for MPA
managers and planners?
4. Areas of particular importance for biodiversity and ecosystem
services
From the text of the CBD, "Biological diversity means the variability
among living organisms from all sources, including inter alia, terres-
trial, marine and other aquatic ecosystems and the ecological com-
plexes of which they are part; this includes diversity within species,
between species and of ecosystems” [68]. The Millennium Ecosystem
Assessment (MEA) established the concept of ecosystem services on the
global agenda as “the beneﬁts people obtain from ecosystems” [23] and
although ecosystem services are deﬁned in a variety of ways [69–71]
the common theme is the translation of ecosystem functions and
processes into direct or indirect beneﬁts for human wellbeing [72]. In
the progress towards implementation of “areas of particular importance
for biodiversity and ecosystem services,” the process to achieve
implementation of this has focussed largely on “areas of particular
importance for biodiversity” with methods and tools rapidly being
developed to identify “areas important for ecosystem services”.
4.1. Areas of particular importance for biodiversity
The protection of biodiversity has historically taken precedent in
conservation planning in so far that it forms a central component of
MPA network planning through the generation of lists to identify and
protect habitats and species considered to be important at various
scales, e.g. The European Union (EU) Habitats Directive list of Annex I
habitats and Annex II species 92/43/EEC, which form the backbone of
the EU Natura 2000 protected area network. It can be considered that
where these habitats and species have been identiﬁed in situ, that these
are considered as being important areas for biodiversity in regional
planning systems.
The CBD Secretariat noted that “areas of particular importance for
biodiversity or Key Biodiversity Areas (KBAs) are areas that are locally,
nationally and globally important for the manifestation of biodiversity
at the genetic, species and/or ecosystem level; they are identiﬁed using
global criteria and thresholds. Diﬀerent areas important for biodiversity
are important bird and biodiversity areas (IBAs), Alliance for Zero
Extinction sites (AZEs), Biodiversity Hotspots, high biodiversity wild-
erness and global 200 priority ecoregions” (UNEP/CBD/SBSTTA/20/
INF/43, §32, p.13).
At the global scale in 2008 CBD Parties approved scientiﬁc criteria
for the identiﬁcation of Ecologically or Biologically Signiﬁcant Marine
Areas (EBSAs) (UNEP/CBD/COP/9/29/DEC/IX/20). In 2010, CBD
Parties established a science-led process for the description of EBSAs
across the world's oceans against the agreed criteria (UNEP/CBD/COP/
DEC/X29) [73]. The purpose of the description of EBSA is to inform
States and competent intergovernmental organisations that have a
responsibility to take measures to protect important areas for ecological
functioning, so future planning can take into account the need for the
integrated management of resource-use and conservation [74]. EBSA
information can also be used by national and sub-national govern-
ments, and to inform research planning. There are currently 279 EBSAs
described by CBD Parties following a series of twelve regional EBSA
Workshops. These EBSAs encompass 19% of the world's oceans includ-
ing coastal areas, continental shelf areas and ABNJ. The EBSA
information has been placed in the CBD EBSA Repository and Informa-
tion Sharing Mechanism and details have been conveyed to the United
Nations General Assembly and other competent bodies. It is important
to note here that EBSAs, KBAs, IBAs, AZEs, Biodiversity Hotspots, high
biodiversity wilderness and global 200 priority ecoregions are not MPA
designations though in several instances boundaries may overlap.
Therefore, these areas are not currently considered as part of the 10%
spatial protection target nor are they currently considered in assess-
ments of ecological coherence of MPA networks.
4.2. Areas important for ecosystem services
The MEA identiﬁed four categories of ecosystem services:
Provisioning services that supply material resources; regulating services
that control ecological systems; cultural services that provide non-
material aesthetic, spiritual and recreational beneﬁts; and supporting
services that provide the basic ecological functions and structures that
underpin all other services, such as primary production, biodiversity,
oxygen production, soil formation and nutrient cycling [23]. The
Economics of Ecosystems and Biodiversity (TEEB) project builds upon
the MEA classiﬁcation, distinguishing between the core ecosystem
processes that support beneﬁcial ecosystem processes, which in turn
deliver beneﬁcial ecosystem services in the form of material or non-
material beneﬁts for human well-being [71]. The biophysical structures
and processes provide the prerequisites for ecosystem functions, which
in turn have the potential to deliver services that contribute to human
well-being and as such have a value to humans. Nutrient cycling
(process), for example, is a prerequisite for water puriﬁcation (function)
to provide freshwater (provisioning service), which is essential for
human health (beneﬁt) [75]. Economic or non-economic/qualitative
valuation techniques can be applied to realise a value for freshwater,
which ascribes a value to the ecosystem services.
In the broadest sense, areas that are “important for biodiversity”
(whether this includes areas that are species-rich, functionally diverse
or are important for an iconic aspect of biodiversity) and areas that are
important for ecosystem services are linked. For example, by eﬀectively
managing and conserving areas that are recognised as being important
for ecological functions (e.g. EBSAs), there is the potential for under-
pinning those beneﬁcial ecosystem services that contribute to human
well-being. If an iconic species is protected via management measures
e.g. whale sharks, then recreation/tourism beneﬁts can be realised as
the ﬁnal ecosystem service. The literature has a wide range of diﬀerent
and evolving interpretations of what constitutes as an ecosystem service
and whether ecosystem services are deﬁned as the ﬁnal realised
beneﬁts (beneﬁcial ecosystem services) or are a combination of
ecological processes and functions (also often referred to as ecosystem
services). The most recent advancements in this ﬁeld of research
recognise that there are both intrinsic values and anthropogenic values
associated with the nature and the natural environment. Intrinsic values
are independent of human judgement. Anthropogenic values are
associated with the “beneﬁts” received from nature in so far as they
support an individual's ability to achieve a “good quality of life”
comprising of aesthetic pleasure, the production or consumption of a
commodity or though spiritual enlightenment [76].
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Generally, identifying “areas of importance for ecosystem services”
focuses on the ﬁnal ecosystem services (beneﬁts). Costanza et al. [77]
linked the value (monetary) of ecosystem services to habitats largely in
the coastal zone (seagrass/algal beds, estuaries, coral reefs). The
continental shelf areas and open ocean in terms of their important
contributions towards broadscale ecological processes and functions
were not spatially explicit. Furthering this, a preliminary global map of
the marine ecosystem service values derived from mangroves and coral
reefs was produced by Spalding et al. [78]. The beneﬁts of the
ecosystem services were deﬁned as ﬁsheries, tourism, coastal protection
and carbon storage. The initial results show that at present 32% of coral
reefs and 36% of mangroves are currently in protected areas [78].
There is also considered to be large spatial variation in the extent to
which diﬀerent reef and mangrove areas provide these ecosystem
services due to habitat condition, and natural environmental fac-
tors [81]. Additionally, the ability to realise the ecosystem service
beneﬁts from the habitats depends on socio-economic factors associated
with the distribution of human populations, infrastructure and markets
[78]. From a spatial perspective, the reality of applying the ecosystem
services framework (focussing on the beneﬁts) to decision making for
conservation planning reveals that ecosystem services are user deﬁned
and site speciﬁc [32]. The social and economic beneﬁts of ecosystem
functioning are realised by humans in their own natural habitat,
therefore MPAs identiﬁed as generating important ecosystem service
beneﬁts (e.g. recreation) are generally linked to accessible areas close to
the coast. It may also be considered that deﬁning the relative
“importance” of ecosystem services favours those services that are easy
to quantify and that have a market value [79].
Identifying “areas important for biodiversity” along with “areas
important for ecosystem services” will support sustainable management
outlined in SDG 14.2 (Table 2). The EBSA process provides a set of
scientiﬁc criteria to further the process of integrated marine manage-
ment through the identiﬁcation of sites that support broadscale
ecological functions e.g. climate and nutrient regulation. As noted,
EBSAs are not part of the current MPA process and therefore their
spatial area does not currently contribute to the realisation of Aichi 11
and the SDG 14 goal of 10% spatial protection. There is complemen-
tarity between EBSA criteria and the CBD criteria for ecological
representivity [80]. The scope for EBSAs features to be managed using
a variety of means (CBD Decision XIII/12, para. 14) to improve the
status of biodiversity may lead to the conclusion that they may be
considered as an “other eﬀective area-based conservation measure”
(OECM) (see Diz et al. this issue). Although OECMs are yet to be
formally recognised by the CBD, there is potential for such sites, if well
managed, to contribute to ecologically representative and well-con-
nected MPA networks. The incorporation of EBSAs into the SDG
process, as part of “mainstreaming marine biodiversity into the SDGs,”
provides an opportunity for a broader range of tools to manage marine
biodiversity for both ecological and human wellbeing beneﬁts (see Diz
et al. this issue).
Identifying “areas important for ecosystem services” is applied more
successfully in coastal areas where there are direct beneﬁciaries, e.g.
food provision or recreation. In this sense, they further support SGD
14.7, which focuses on increasing the economic beneﬁts (ﬁsheries,
aquaculture and tourism) from sustainable resource use (Table 2) and
more broadly SDG 2 which aims to deliver food security. Where
ecosystems have a critical role in supporting human well-being, it is
recognised that there needs to be a more systematic representation of
ecosystem services in protected areas planning [78]. Spalding [81]
points out that “areas of greatest importance for biodiversity often lie
some distance from human populations, but those of greatest impor-
tance for their ecosystem services are likely to lie close to human
populations”. This is perhaps over simplistic as there are systems that
do not ﬁt this model. Whilst there are areas that are of particular
importance for biodiversity and ecosystem services, for example,
estuaries which can be considered to be highly productive, as well as
having a high value under the ecosystem service framework for
activities, such as recreation and amenity value. There are also areas
of high ecosystem service value, such as beaches that are valued due to
their proximity to human populations and amenity but, have relatively
low levels of biodiversity and ecological function. Moving towards the
implementation of SDG 14, the most pressing information need is a
deﬁned metric to better understand the “importance” of a site/area for
ecosystem service delivery. Additionally, there are recent advances in
methods for the assessment of ecosystem service change that can
support decision makers to deﬁne what types of ecosystem services
should be assessed to inform policy and planning [82–85]. However, it
remains a key challenge faced by countries at national or regional levels
to identify these areas and integrate them into a marine planning
framework.
5. Eﬀective and equitably managed
It follows that once an MPA is identiﬁed and designated then there
is a need to eﬀectively manage the site to achieve the desired
conservation objectives/biodiversity targets. Protected area manage-
ment is typically challenging, complex, and can potentially touch upon
numerous socially charged issues [86], which, if ignored or compart-
mentalised, can result in the failure of the protected area to meet the
objectives for which it was primarily designed [87]. Indeed, research
shows that because MPAs are at the interface between social and
ecological systems, short-term biological gains associated with designa-
tion may be compromised unless social issues, speciﬁcally notions of
equity, are addressed in the planning and management process
[87–94]. Practical considerations, such as surveillance and enforce-
ment, especially for remote and transboundary MPAs (UNEP/MAP
–RAC/SPA, 2015), also present signiﬁcant challenges. Woodley et al.
[32] argue that eﬀectiveness and equity are both essential parts of
protected area management but they are diﬀerent concepts and should
be considered as separate elements.
5.1. Eﬀectively managed MPAs
In recognition that setting spatial targets for protected areas is not
enough to address the global decline in biodiversity, CBD Parties
established the Programme of Work on Protected Areas (PoWPA) and
set a global target for 30% of the world's protected areas to have the
eﬀectiveness of their management assessed by 2010 (Goal 4.2, CBD
PoWPA). The subsequent CBD Aichi Targets expanded the global target
of 30% to “institutionalize management eﬀectiveness assessments to
work towards assessing 60% of the total area of protected areas by 2015
using various national and regional tools and report the results into the
global database on management eﬀectiveness” (UNEP/CBD/COP/DEC/
X/31/19a). In response to this revised target, the IUCN World
Commission on Protected Areas (WCPA) developed a framework to
guide assessment of management eﬀectiveness [95]. There are three
central themes by which management eﬀectiveness may be evaluated:
• design issues relating to both individual sites and protected area
systems;
• adequacy and appropriateness of management systems and pro-
cesses; and
• delivery of protected area objectives, including conservation values
[95].
In terms of progress towards the 60% target for assessments, Coad
et al. [96] demonstrated that globally 29% of the area protected
(marine and terrestrial) has been assessed and 23% of countries have
reached the 60% target. However, very few MPAs were considered in
this global assessment. Kemp et al. [97] undertook a global review of
the performance of spatial management in relation to the site-by-site
management objectives to reveal that the objectives of spatial manage-
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ment are often poorly deﬁned and not speciﬁc. The authors concluded
that:
• The objectives of spatial management need to be measureable;
• That performance assessments need to be built into the long-term
management of the site rather than relying on ad-hoc opportunities;
and
• Management objectives should be set and assessed at a regional
scale to assess the overall performance of the system rather than a
focus on isolated sites.
Regional assessments of management eﬀectiveness have furthered
the development of protocols for assessing the management eﬀective-
ness of MPAs [35,98]. Results of these assessments are not encouraging,
pointing towards a lack of progress in the development of conservation
objectives and management plans for protected areas [39,99]. Addi-
tionally, there is a lack of a formal process for reporting management
eﬀectiveness at a country scale to support regional assessments [38,39].
5.2. Equitably managed MPAs
It is recognised within conservation planning that humans are
integral to, and can inﬂuence, ecosystem functions. This dynamic is
often referred to as the social-ecological system, where the human and
ecological domains interact bilaterally and at diﬀerent spatio-temporal
scales [90,100–104]. Equity, the premise that there is a fair distribution
of beneﬁts and costs between individuals and groups of people, is a
subject that is rarely assessed in MPA planning even though it is
recognised as having the potential to inﬂuence intended conservation
outcomes [105]. In conservation planning, equity can be addressed in a
number of ways; the distribution of economic beneﬁts (money, resource
rights); the impact and beneﬁt of conservation actions across indivi-
duals and/or groups; and the process by which stakeholders are
included and provided with the opportunity to be involved in planning
[106]. The distribution of equity is also often considered in the policy
appraisal process via a cost-beneﬁt analysis [107].
How equity is distributed in planning and management can be
relative, perceived or actual, making evaluation of equity in MPA
management a signiﬁcant challenge. Exactly how equity aﬀects con-
servation success is an underdeveloped area of research [108]. There
are examples where equity has been redistributed following an MPA
designation [109,110]. There is also growing concern that decisions to
implement management measures for MPAs are undermining existing
customary and communal ﬁsheries tenure rights in many parts of the
world, stunting or ending the individuals’ and communities ability to
make a livelihood from small scale ﬁshing and the associated industries
[111]. Examples are given by Pedersen et al. [112] of the displacement
of ﬁshers from their traditional ﬁshing ground by the establishment of
an MPA as part of the Coral Triangle Initiative and, the sale of ﬁshing
licences issued to foreign ﬁshing vessels in Mauritius who will target
the same species as local small scale ﬁshers leading to potential over-
exploitation of the resource.
Through the inclusion of the phrase to “eﬀectively and equitably
manage” protected areas, Aichi Target 11 highlights the interconnected
nature of social and ecological systems and is redirecting biodiversity
conservation towards the inclusion of the broader goals of sustainability
that are embodied not only in SDG 14 (Table 2) but also SDG 10 to
“empower and promote the social, economic and political inclusion of
all, irrespective of age, sex, disability, race, ethnicity, origin, religion or
economic or other status”; SDG 16 to “Develop eﬀective, accountable
and transparent institutions at all levels; and SDG 12 to “achieve the
sustainable management and eﬃcient use of natural resources” and to
“develop and implement tools to monitor sustainable development
impacts for sustainable tourism that creates jobs and promotes local
culture and products”. Evaluation of management is vital to identify
learning and good practice to support improved sustainability in marine
management (SDG 14.2 (Table 2)), thus potentially increasing the
economic beneﬁts outlined in SDG 14.7 (Table 2). Integrating equity
into conservation planning and management will ensure that tradeoﬀs
are identiﬁed between stakeholders and that management interventions
can support the access of small-scale artisanal ﬁshers to marine
resources and markets (SDG 14.b).
The IUCN Green List of Protected and Conserved Areas currently
provides the most comprehensive approach to the assessment of
management eﬀectiveness and equity in MPAs by setting a global
standard for process and assessment [113]. Key challenges that need to
be addressed in the alignment of eﬀective and equitable management
between Aichi Target 11 and SDG 14 include the development and take-
up of management eﬀectiveness assessments for networks of MPAs as
opposed to single sites. Additionally, there is a need to deﬁne
acceptable tradeoﬀs between equitable management and biodiversity
conservation noting that the two may not be commensurate.
6. Integrated into the wider landscapes and seascapes
The functional integrity and health of marine ecosystems within
protected areas is dependent not only on the protection provided, but
also on the ecological, economic and social interactions with surround-
ing areas. Protected area boundaries are permeable and therefore
represent an open system that should be integrated into sectoral plans
and strategies (an Ecosystem Approach). This can be of particular
importance for indigenous peoples, local communities and vulnerable
populations, thus requiring ﬂexibility in seascape governance ap-
proaches [114]. For coastal seascapes, marine ecosystem health is
inﬂuenced by landscape condition. This is particularly relevant where
runoﬀ from land impacts water quality and the biological health of
marine communities. In addition, many marine species are dependent
on land for part of their lifecycle, for example, turtles nesting on
beaches, ﬁshes migrating upriver to spawn and seabirds using cliﬀ
nesting sites. Even for very large MPAs, highly mobile animals that
traverse land-sea boundaries may not receive high levels of protection
because some critical habitats on land exist outside of the adminis-
trative jurisdiction of the protected area regulations [115]. In many
cases, the patterns and processes occurring outside the MPAs have far
greater eﬀects on protected resources than activities within the MPAs
(Cicin-Sain & Belﬁore 2005). Not considering the broader context for an
MPA network within the wider seascape could result in sub-optimal
conservation outcomes. For example, displacement of human activities
from protected areas should be anticipated and managed because of
potential increased impacts to areas of commercial and conservation
importance outside of the protected area network. Yet, typically the
management of MPAs has taken place within the context of a larger
ocean governance system, but often with little or no integration with it
(Cicin-Sain & Belﬁore 2005).
Marine Spatial Planning (MSP) has been deﬁned by UNESCO as “a
public process of analysing and allocating the spatial and temporal
distribution of human activities in marine areas to achieve ecological,
economic and social objectives” [116]. Furthermore, the CBD Secretar-
iat recognises MSP as “an area-based management framework that
addresses multiple management objectives. It is not a single tool, but
rather an approach or framework to provide a means for improving
decision making as it relates to the use of marine resources and space”
[117]. MSP enables the integration of key aspects of Ecosystem Based
Management (EBM) in area based planning and management to address
spatial and temporal resource use and the interactive and cumulative
eﬀects arising from multiple human uses and stressors. There have been
a number of large and small scale processes to progress MSP, these are
reviewed in “Marine Spatial Planning in the Context of the Convention
on Biological Diversity” [117].
A marine spatial plan can be designed to optimize and boost
performance of an MPA network through consideration of complemen-
tary space use regulations through zoning [10]. Within the planning
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area, the creation of buﬀer zones around vulnerable MPAs and the
design of compatible zoning for areas outside of MPAs, such as
recognising blue corridors (well-connected), to provide positive synergy
with MPAs, may ensure returns on investments in MPA networks.
Furthermore, a broader perspective of MPAs nested within a marine
spatial plan can increase ecological representativeness through protec-
tion of important areas not selected as sites for MPAs, including high
human impact areas considered too threatened for the establishment of
an MPA. MSP can also enable the integration of management measures
for the sustainable use of marine resources and stakeholder involve-
ment [118]. Therefore, providing an operational framework for MSP
can support both biodiversity and the sustainable development objec-
tives that are the cross-cutting themes of SDG 14 (Table 2) and
potentially SDG 17: Revitalise the global partnership for sustainable
development where speciﬁc emphasis is placed upon multi stakeholder
partnerships which build upon “the principles and values, a shared
vision, and shared goals that place people and the planet at the centre”.
In terms of challenges it is noted that there is a high degree of
complexity of information needs to advance MSP [119], particularly to
support decision making when the integration of nature conservation
into the spatial planning process is a key objective [120,121]. It has also
been noted that many Marine Spatial Plans that aim to integrate the
diﬀerent user priorities and biodiversity into a holistic plan fail to
provide processes for monitoring, reporting and review [122]. This is a
major shortcoming and a key challenge for the integration into SGD 14.
7. Conclusion
The qualitative aspects of Aichi Target 11 are noteworthy as they
shift the emphasis of “traditional” quantitative spatial habitat and
species-based conservation measures towards the wider consideration
of the relationship between the protection of biodiversity and human
wellbeing. SDG 14 conﬁrms the 10% protected area spatial target from
Aichi target 11 and goes further by placing greater emphasis on the
economic and social context of conservation measures though a series
of sub-targets that aim to support economic development, environ-
mental sustainability and social inclusion. Within SDG 14 there is,
however, no detail as to how the goal may be achieved beyond the 10%
protected areas target. This lack of ambition within the language of
SDG14 is notable as, despite great achievements in increasing the
spatial extent of MPAs it is well recorded that there is persistent
degradation and loss of marine species and populations, which has the
potential to critically impair the ability of marine systems to continue to
provide ecosystem services that underpin human wellbeing. There is a
high level of functional and spatial connectivity within marine ecosys-
tems. It is considered that policy led by area-based targets alone will not
be adequate to safeguard the important ecosystem processes and
services that marine ecosystems underpin. Similarly, representativity
is a key requirement to address gaps in biogeographic coverage to
protect the full range of marine ecosystems.
There is obvious alignment between SDG 14 and Aichi Target 11 in
so far that the principals of “sustainability” and “economic beneﬁts”
embedded in SDG 14 can be strengthened by the qualitative aspects of
Aichi Target 11. Through the identiﬁcation of “areas important for
biodiversity and ecosystem services” sustainability is supported by the
incorporation of areas that support broadscale ecological function (e.g.
productivity) and areas where the ecosystem services are realised (e.g.
food). Through the incorporation of the principals that have been
developed under Aichi Target 11 to build resistance and resilience into
protected areas networks by being “well-connected”, “ecologically
representative” and “integrated into the seascapes”, the risks associated
with multiple stressors on the marine environment that may impact
upon sustainability are mitigated for and potentially reduced. By
including metrics to evaluate whether a protected area is “eﬀective
and equitably managed” it is possible to identify learning and good
practice to support improved sustainability in marine management.
Through the integration of “protected areas into wider landscapes and
seascapes” the wider sectoral interests (along with their legal frame-
works) can be taken into account to plan for a seascape that supports
both biodiversity conservation and sustainable development. Perhaps
aiming ultimately for 100% of the oceans to be “well managed”? It must
therefore be considered that the integration of Aichi target 11 into SDG
14 can strengthen global eﬀorts for marine biodiversity conservation
which, in turn, strengthens process towards the wider principles for
sustainable development and the 17 SDGs to “transform our world”.
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